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D scrlptlon 

Thisinv ntionr lates to color display apparatus- 
s with display panels, for xample, of the liquid crys- 
tal type, and more particularly to a color display ap- 
paratus which is capable of displaying patterns, such 
as characters, of a good quality with a limited number 
of pixels. 

A color display panel constructed, for example, 
with the liquid crystal has color dots of the three pri- 
mary colors (R, G and B) formed thereon in a prede- 
termined order, wherein a color pixel is usually con- 
stituted by three adjacent ones of the color dots re- 
spectively corresponding to the three primary colors. 
In this case, the assignment of the combinations of 
color dots of the three primary colors on the display 
panel to the respective color pixels on the same panel 
is fixed in accordance with a rule determined in de- 
pendence on the kind of the panel. With this kind of 
color display panel, a pattern such as a character is 
displayed in a display unit which is a matrix of a pre- 
determined number of pixels. 

In recent years, color display panels of the active- 
panel type in which a TFT is used for each display dot 
have increased in number. In a color display panel of 
the above type, the upper limit of the resolution is of 
the order of 720 x 240 color dots (Le^, of the order of 
240 x 240 pixels since a pixel is formed by three color 
dots). This is because it is difficult to form a greater 
number of TFTs on a broad surface of a panel without 
suffering from a decrease of the yield rate of panels. 
However, with a color display panel having a resolu- 
tion of the above order it is still possible to display a 
PAL or an NTSC television picture in a sufficiently 
good quality and to display information such as char- 
acters of a good quality provided that the characters 
are large in size. 

It has been a demand in recent years that a liquid 
crystal display panel of the above type can be used 
not only to display a television picture but also to dis- 
play character information, for example, via a charac- 
ter broadcasting or a teletext. In the case of the Eu- 
ropean teletext, it is necessary to display about forty 
characters in the horizontal direction. Since the num- 
ber of pixels in the horizontal direction is about 240 
even in the recent liquid crystal color display panels 
as described earlier, the number of pixels per one 
character in the horizontal direction must be restricted 
to about five in order to display all the characters, that 
is to say, the number of color dots in the horizontal di- 
rection must be restricted to about fifteen. 

Fig. 5 is an illustration showing an enlarged por- 
tion of a display panel of the conventional liquid crys- 
tal color display apparatus, the portion corresponding 
to one character. In the shown display panel 1 , a num- 
b r fcol rd ts(720colord tsinthis xampl )ofth 
thre primary colors are arranged in th ord rofared 
(R) color dot 2r, a gre n (G) color dot 2g and a blue 



(B) color dot 2b in a cyclic fashion in th horizontal di- 
rection, and a number of color dots (240 color dots in 
this example) of the same color ar formed in the vert- 
ical direction, wher by a dot matrix in which the color 

5 dots of the three pri mary colors are distributed entire- 
ly and uniformly on the panel is formed. In each hor- 
izontal line, each color pixel 3 is formed by a respec- 
tive one of the combinations of three adjacent color 
dots, namely, a red (R) color dot 2r. a green (G) color 

w dot 2g and a blue (B) color dot 2b which are arranged 
in this order from left to right, whereby a color pixel 
matrix, for example, of 240 x 240 is formed on the 
panel as a whole. With this conventional display ap- 
paratus, one character (for example, a character A in 

15 Fig. 5) is displayed in a 5 x 9 color pixel matrix. In this 
case, the display apparatus has a memory 4 in which 
the respective character patterns are stored in the 
form of 5 x 9 bit patterns as shown in Fig. 6 (only the 
bit pattern for the character "A" is shown in Fig. 6). 

20 Those color dots 3 corresponding to bits "1 " in the bit 
pattern (i.e. , the color dots indicated by hatching in 
Fig. 5) are activated to display the character. 

The above-described conventional liquid crystal 
color display apparatus is disadvantageous in that, 

25 since the number of pixels per each character is low, 
slant segments of a displayed character are signifi- 
cantly uneven (see the slant segments of the charac- 
ter "A" at its both shoulders portions in Fig. 5) it has 
thus been practically impossible to display a charac- 

30 ter of a good quality. 

It is therefore an object of the present invention 
to provide a display apparatus which is capable of dis- 
playing patterns, such as characters, of a good qual- 
ity with a limited number of color pixels. 

35 According to the present invention, there is pro- 
vided a color display apparatus comprising a color 
display panel on which a plurality of color dots of the 
three primary colors are formed in a predetermined 
order, a memory for storing bit information corre- 

40 sponding to dot-matrix patterns representative of 
characters, and a display control section for activat- 
ing the color dots on the color display panel in accor- 
dance with the bit information read from the memory 
to thereby display characters characterized in that the 

45 memory is provided with at least three storage areas 
corresponding respectively to the color-dot groups of 
the three primary colors, in each storage area bit in- 
formation corresponding to dot-matrix patterns repre- 
sentative respectively of all kinds of characters to be 

so displayed being stored, the display control section ac- 
tivating the color dots of the three primary colors on 
the color display panel based respectively on three 
bit- information groups which are read respectively 
from said three storage areas and correspond to a 

55 character to b displayed, whereby th last- 
mentioned character is displayed on the color display 
panel. 

With the abov structur , in th cas wher the 



3 



EP 0 435 391 B1 



4 



color dots of th three primary colors are arranged in 
each horizontal line in a certain order in a cyclic fash- 
ton, one color pixel can be formed not only by the com- 
bination of color dots of the three primary colors ar- 
ranged in a specific order as in th conventional ap- 5 
paratus but also by those combinations of color dots 
of the three primary colors which are arranged in 
other orders (the combinations of color dots in the or- 
der of red, green and blue and the combination of col- 
or dots in the order of green, blue and red when the w 
color dots are arranged in the order of red, green and 
blue in a cyclic fashion). Therefore horizontal posi- 
tions of the respective color pixels which form a char- 
acter to be displayed can be selected three times 
more finely than in the conventional apparatus. As a 15 
result, patterns such as characters of a better quality 
can be displayed with the same number of color dots. 

An embodiment of the invention will now be de- 
scribed with reference to the accompanying draw- 
ings. 20 
Fig. 1 is a diagrammatic illustration showing the 
structure of a memory in one embodiment of a 
color display apparatus according to the inven- 
tion, wherein bit information representative of a 
character "A" stored in the memory is shown; 25 
Fig. 2 is an enlarged plan view of a part of a liquid 
crystal color display panel in the embodiment of 
the invention wherein the character "A" is dis- 
played; 

Fig. 3 is a block diagram of the embodiment of the 30 
invention which is applied to a teletext apparatus; 
Fig. 4 is a time chart of the various signals in the 
embodiment of Fig. 3; 

Fig. 5 is an enlarged plan view of a part of a liquid 
crystal color display panel in the conventional 35 
color display apparatus wherein the character "A" 
is displayed; and 

Fig. 6 is a diagrammatic illustration showing the 
structure of a memory in the conventional color 
display apparatus, wherein bit information repre- 40 
sentative of the character "A" stored in the mem- 
ory is shown. 

A color display apparatus according to the em- 
bodiment of the invention employs a liquid crystal col- 
or display panel 1 of the same structure as that shown 45 
in Fig. 5. A memory 4 of this display apparatus com- 
prises, as shown in Fig. 1, a memory plane (or a stor- 
age area) 4R corresponding to the red (R) color dots 
2r, 2r, 2r,... of the display panel 1, a memory plane 4G 
corresponding to the green (G) color dots 2g, 2g, so 
2g t ... and a memory plane 4B corresponding to the 
blue (B) color dots 2b, 2b, 2b,... In this case, one bit- 
pattern of 5 x 9 is stored in each of the planes 4R, 4G 
and 4B for each character (in Fig. 1, only the three bit- 
patt rns for th charact r "A" ar shown). This en- 55 
ablesth 5 x 9 dot-matrix for red, th 5 x 9 dot-matrix 
for green and the 5 x 9 dot-matrix for blue in the dis- 
play area of 5 x 9 color pixels for on character to be 



driven independently of one another with respect to 
each character. The bit-patterns in the respective 
planes are determined, for example, in the following 
manner. In this embodiment, a color pixel 3 on the dis- 
play panel 1 is formed not only by the combination of 
three color dots arranged in the order of red, green 
and blue from left to right but also by the combination 
of color dots arranged in the order of green, blue and 
red from left to right and the combination of color dots 
arranged in the order of blue, red and green from left 
to right. For example, the color pixel 3_ 1f located at the 
top of the character "A" in Fig. 2 is driven by the third 
bits "1" from the left in the top lines of the respective 
bit patterns in the three planes 4R, 4G and 4B in Fig. 
1. The pixel 3_ 2 adjoining the pixel 3_, at its lower left 
corner is driven by the third bit "1 " from the left in the 
second line from the top of the bit pattern in the plane 
4R, the second bit "1" from the left in the second line 
from the top of the bit pattern in the plane 4G and the 
second bit "1"from the left in the second line from the 
top of the bit pattern in the plane 4B. In a similar man- 
ner, the pixel 3^ adjoining the pixel 3_, at its lower 
right corner is driven by the fourth bit "1 " from the left 
in the second line from the top of the bit pattern in the 
plane 4R, the fourth bit "1" f rom the left in the second 
line from the top of the bit pattern in the plane 4G and 
the third bit "1" from the left in the second line from 
the top of the bit pattern in the plane 4B. Thus, the col- 
or pixel 3_! is formed by the color dots arranged in the 
order of red, green and blue, the color pixel 3_ 2 by the 
color dots arranged in the order of green, blue and 
red, and the color pixel 3_s by the color dots arranged 
In the order of blue, red and green. 

In this manner, the shift amount in the horizontal 
direction between two adjacent color pixels in the 
slant segments of the character "A" can be reduced 
to one color dot. In comparison to this, the shift in the 
horizontal direction between two adjacent color pixels 
in the slant segments has amounted to three color 
dots in the conventional apparatus shown in Fig. 5. 
Thus, with this embodiment each slant segment of a 
character can be displayed in the smoothed or even 
shape, whereby the quality of the displayed character 
is enhanced. In other words, according to this em- 
bodiment it is possible to obtain a display effect even- 
tually the same as that which is obtained when a char- 
acter is displayed in a dot-matrix of 1 3 x 9. 

Fig. 3 is a block diagram of the above embodi- 
ment with the three planes 4R, 4G and 4B and the 
memory 4 when applied to a teletext apparatus. 

In Fig. 3, the color display panel 1 is an active liq- 
uid-crystal color display panel with TFTs whose color 
dots are arranged as shown in Fig. 5 or 2. This display 
panel 1 has 720 x 720 color dots in total, for exampl . 

This apparatus has an input terminal 10 for re- 
ceiving a video signal which includes character infor- 
mation and is f d from a television radio-wave receiv- 
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ing section (not shown). The video signal is supplied 
to a character information separation circuit 11. Th 
character information separat d by th circuit 11 is 
suppii d to a central processing unit (CPU) 12 which 
is constituted, for example, by a microprocessor. The 
CPU 12 is connected via a bus 13 to a ROM/RAM 14 
for storing control programs for this apparatus, data 
and the like. The CPU 12 operates in accordance with 
the contents of the ROM/RAM 14. The CPU 12 dis- 
criminates characters to be displayed from the char- 
acter information fed from the character information 
separation circuit 11 and supplies codes of the dis- 
criminated characters to a character generator 15 
through the bus 13. The character generator 15 com- 
prises the memory 4, of which structure is shown in 
Fig. 1 , and reads and outputs three bit-patterns re- 
spectively from the three planes 4R, 4G and 4B in re- 
sponse to a supplied character code. These three bit- 
patterns are then stored in a video RAM (VRAM) 16. 

When bit-patterns of characters for one entire 
screen has been stored in the VRAM 16, the CPU 12 
reads respective bit data of the bit-patterns in a par- 
allel fashion in accordance with the order of scanning 
of the display panel and supplies the read bit data via 
a bus 20 to a display controller 21. The display con- 
troller 21 comprises three color registers 21 R, 21 G 
and 21 B, which correspond to the planes 4R, 4G and 
4B, respectively, and the bit data corresponding to the 
planes 4R, 4G and 4B are loaded onto the color reg- 
isters 21 R, 21 G and 21 B, respectively. The display 
controller 21 is connected to the color display panel 
1 via a control signal bus 23 for supplying control sig- 
nals such as a horizontal synchronization signaJ H 
and a clock signal CLK and also via three color signal 
lines 24R, 24G and 24B for supplying respective shift 
outputs of the color registers 21 R, 21 G and 21 B. 

Fig. 4 is a time chart showing the relation be- 
tween various output signals of the display controller 
21. As shown, the display controller 21 sequentially 
outputs bit data from the respective color registers 
21 R, 21G and 21 B onto a horizontal line, determined 
with reference to the horizontal synchronization sig- 
nal H, with horizontal positions thereof being syn- 
chronized with the clock signal CLK. Thus, color dots 
on the display panel 1 are driven in accordance with 
these outputs, wherein a combination of three adja- 
cent color dots of the three primary colors are driven 
as a pixel, so that the pixel is recognized as a pixel 
having a color almost equal to white. 

According to this color display apparatus, it is 
thus possible to display characters on the display 
panel in a high quality as shown in Fig. 2. 

In the conventional apparatus, there has been a 
possibility that a color pixel in a slant segment of a dis- 
played character has no neighboring color pix I which 
is imm diat ly adjacent to th f irst-mentioned color 
pixel in th v rtical direction. Such a color pixel is ti- 
abl t ber cognized by human eye so that the three 



primary colors ther of are independ nt and not prop- 
erly mix d tog ther. According to this invention, how- 
ever, it is possible to arrange ev ry color pixel in a 
slant segment of a charact r so as to hav a n igh- 
5 bouring color pixel which is directly adjacent to the 
first-mentioned color pixel. This will solve the above 
problem. 

Although the above embodiment is described re- 
ferring to the case where a color pixel is constituted 

10 by three color dots of the three primary colors ar- 
ranged in the horizontal direction, the present inven- 
tion should not be restricted only to this case, and it 
will be apparent that this invention can also be appli- 
cable to such cases where color dots are arranged in 

15 a delta fashion or in other fashions. Furthermore, al- 
though the color display panel in the above embodi- 
ment is of the liquid crystal type, a color display pane! 
of other types such as the EC type can also be used 
in this invention. The invention can also be used in a 

20 conventional CRT, in which the information from the 
different memory parts is used to energize phosphor 
dots of neighbouring pixels. 



25 Claims 

1. A color display apparatus comprising a color dis- 
play panel on which a plurality of color dots (2) of 
the three primary colors are formed in a predeter- 

30 mined order, a memory (15) for storing bit infor- 
mation corresponding to dot-matrix patterns rep- 
resentative of characters, and a display control 
section for activating the color dots on the color 
display panel in accordance with the bit informa- 

35 tion read from the memory to thereby display 

characters characterized in that the memory (1 5) 
is provided with at least three storage areas cor- 
responding respectively to the color-dot groups of 
the three primary colors (R, G, B), in each storage 

40 area bit information corresponding to dot-matrix 
patterns representative respectively of all dis- 
playable characters being stored, the display 
control section activating the color dots of the 
three primary colors on the color display panel 

45 based respectively on three bit-information 
groups which are read respectively from said 
three storage areas and correspond to a charac- 
ter to be displayed, whereby the last-mentioned 
character is displayed on the color display panel. 

50 

2. A color display apparatus according to Claim 1, 
characterized in that the display panel comprises 
a liquid crystal device. 

55 

Patentanspru he 

1. Farbanzeigeg rat mit ein m Farbanz igefeld. 
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auf dem eine Vielzahl von Farbpunkten (2) der 
drei Pri mar far ben in einer vorgegebenen Reih n- 
folg gebildet wird, mit einem Speicher (15) zum 
Einschreib n von Bitinformation ntsprechend 
Punktmatrixmustern zur Darstellung von Buch- 
staben, und mit einem Anzeigesteuerabschnitt 
zum Aktivieren der Farbpunkte auf dem Farban- 
zeigefeld entsprechend der aus dem Speicher 
ausgelesenen Bitinformation zum Anzeigen der 
Buchstaben, dadurch gekennzeichnet , dad der 
Speicher (15) mitwenigstens drei Speichergebre- 
ten entsprechend den drei betreffenden Farb- 
punktgruppen der drei Primarfarben (R, G, B) 
vorgesehen ist, wobei in jedem Speichergebiet 
Bitinformation entsprechend Punktmatrixmu- 
stern zur Darstellung ailer anzeigbarer Buchsta- 
ben gespeichert wird, und der Anzeigesteuerab- 
schnitt die Farbpunkte der drei Primarfarben am 
Farbanzeigefeld auf der Basis der jeweiligen drei 
Bitinformationsgruppen aktiviert, die jeweils aus 
den drei Speichergebieten gelesen werden und 
einen anzuzeigenden Buchstaben entsprechen, 
wobei der letztgenannte Buchstabe am Farban- 
zeigefeld angezeigt wird. 

Farbanzeigegerat nach Anspruch 1, dadurch ge- 
kennzeichnet , dafc das Anzeigefeld eine Flussig- 
kristallanordnung enthfilt 
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cher, le dernier caractere mentionne etant af f iche 
sur le panneau d'affichage en couleurs. 

2. Appareil d'aff ichage en couleurs selon la reven- 
dication 1, caracterise en ce que le panneau d'af- 
f ichage comprend un dispositif a cristaux liqui- 
des. 



Revendications 



30 



1. Appareil d'aff ichage en couleurs comprenant un 
panneau d'aff ichage en couleurs sur lequel une 
pluralite de points (2) des trots couleurs primaires 
estformee dans un ordre predetermine, une me- 
moire (15) pour stacker des informations binaires 
correspondant a des configurations de matrices 
de points representatives de caracteres et une 
section de commande d'affichage pour activer 
les points de couleur sur le panneau d'affichage 
en couleurs conformement aux informations bi- 
naires extraites de la memoire pour ainsi aff icher 
des caracteres, caracterise en ce que la memoire 
(15) est pourvue d'au moins trots zones de 
stockage correspondant respectivement aux 
groupes de points des trois couleurs primaires 
(R, G, B), dans chaque zone de stockage, des in- 
formations binaires correspondant a des configu- 
rations de matrices de points representatives 
respectivement de tous les caracteres afficha- 
bles etant stockees, la section de commande 
d'affichage activant les points de couleur des 
trois couleurs primaires sur le panneau d'aff icha- 
ge n c uleurs sur la bas , respectivem nt, de 
trois groupes d'informations binaires qui sont x- 
t raits respectivement d sdites trois zones d 
stockage t correspondent a un caractere a aff i- 
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